Objective: The aim of the study was to systematically review studies that evaluated endometrial hyperplasia or cancer incidence with unopposed vaginal estrogens.
M ore than two million women in the United States are estimated to use vaginal estrogen products to treat symptomatic vulvar and vaginal atrophy. [1] [2] [3] Because most women do not use vaginal estrogens with concomitant progestogen, examination of the impact of unopposed vaginal estrogens on the endometrium is an important safety parameter. Although it may be well accepted that local unopposed vaginal estrogens do not have the same stimulatory effects on the endometrium as unopposed oral estrogens, a lesser association between vaginal estrogen use and endometrial hyperplasia or cancer has not been systemically reviewed in published studies. A systematic review of the published clinical evidence to examine the endometrial safety of vaginal estrogens would enhance future development of novel, safe, and effective, low-dose vaginal estrogen products. The objective of this systematic review was to assess the endometrial safety of low-dose vaginal estrogens in menopausal women in the published medical literature.
METHODS

Literature search methodology
The concept of this review was based on a request from the US Food and Drug Administration to research and review the risk of endometrial hyperplasia or cancer with the use of vaginal estrogens. A systematic search of PubMed, EMBASE, and Clinicaltrials.gov was conducted from inception to August 2017 for journal articles, conference abstracts, and study data reporting any use of vaginal estrogens in menopausal women published in the English language. Keywords used for PubMed were vaginal and (estrogen or oestrogen or estradiol or oestradiol). Keywords used for EMBASE were (uterine or endometriÃ) and (cancer or carcinoma or hyperplasia or proliferation) and vaginÃ and (estrogen(s) or estradiol) and (menopausÃ or postmenopausÃ) excluding reviews and articles with rats, mouse, mice, and dogs in the title. A separate literature search of these databases was conducted for studies of vaginal dehydroepiandrosterone (DHEA; prasterone) in postmenopausal women using the keywords vaginal and prasterone.
Bibliographies of review articles were inspected for studies of vaginal estrogen use in menopausal women that may have not appeared in the literature search results. Review articles examined included those published in the last 10 years that focused on vaginal atrophy, vaginal estrogen use, or menopausal hormone therapy. Bibliographies of the most recent Cochrane reviews for vaginal estrogen use outcomes were also reviewed. Relevant articles were also included if mentioned in the Results and Discussion of relevant full text articles or when consulting with experts in the field.
The published abstracts of major medical meetings in women's health (The North American Menopause Society, the American College of Obstetricians and Gynecologists, and the International Menopause Society) were reviewed for relevant published abstracts from the previous 5 years. Abstracts from The North American Menopause Society and American College of Obstetricians and Gynecologists were searched in EMBASE using the keyword endometrÃ, whereas the pdf files of abstracts from the International Menopause Society published in the Climacteric journal were manually searched. Any abstracts with reports of endometrial data in menopausal women using vaginal estrogens, for which the full article was not yet published, were included.
Clinicaltrials.gov was searched for studies of any vaginal estrogen use in menopausal women to determine if any completed studies were not published and/or had data posted on the clinicaltrials.gov Web site.
Inclusion criteria
Abstracts were independently reviewed by four reviewers (G.D.C., S.G., K.O., S.M.), who initially determined from the title/abstract if the article met eligibility criteria for full-text review, which included studies using vaginal estrogens in menopausal women for any reason (eg, vulvar and vaginal atrophy, urinary incontinence, pelvic organ prolapse, and recurrent urinary tract infections). Endometrial histology was required to identify cases of endometrial cancer or endometrial hyperplasia, except for larger cohort studies in which incidence rates were reported. Citations were included for full-text review if it was not stated or clear from the abstract if any endometrial histologic data were reported, including but not limited to endometrial cancer, hyperplasia, or proliferation.
From the full text review, primary studies were eligible for review if they reported endometrial histology data obtained from a biopsy in menopausal women using vaginal estrogens, or incidence of endometrial cancer and/or hyperplasia in menopausal women who used vaginal estrogens from larger cohort studies. Articles were excluded if they reported no use of vaginal estrogen, use of vaginal ring with a progestogen, exclusive use of estriol or other non-US-approved estrogen, no endometrial histology, or unrelated content. General reviews or editorials, abstracts of studies now fully published, or duplicate publications were also excluded. No studies reporting endometrial histology in women using vaginal estrogens were excluded.
Studies reporting endometrial cancer/histology data were summarized into tables by type of trial (randomized controlled trials [RCTs] ; prospective, interventional studies; prospective observational studies; and retrospective observational/registry studies). In studies that use vaginal cream, the actual estrogen dose was provided in addition to vaginal cream weights for comparison purposes.
RESULTS
A total of 5,593 abstracts were identified from the literature search and 47 studies from other sources (not found in the literature searches); of these a total of 284 full text articles were reviewed (Fig. 1) . Of the full-text articles and abstracts reviewed, 36 articles and 2 abstracts reported endometrial histology or endometrial cancer with use of vaginal estrogens in menopausal women and were included for critical review and interpretation. Twenty were RCTs, 4-24 eight were prospective, interventional studies, [25] [26] [27] [28] [29] [30] [31] [32] two were prospective observational studies, 33, 34 and eight were retrospective observational studies. [35] [36] [37] [38] [39] [40] [41] The most common reason for study exclusion (Fig. 1) was no reported endometrial histology data (n ¼ 104), followed by types of studies (ie, reviews/ editorials; n ¼ 67), studies of estriol or other ex-US-approved estrogen (n ¼ 34), and no vaginal estrogen use (n ¼ 15). Two studies (reported in three articles) of a vaginal ring use that contained data on endometrial histology were excluded because the ring was developed to achieve systemic estradiol levels for the treatment of menopausal symptoms including hot flushes, and a progestin was included in the study to be given for 12 days of each 28-day cycle to prevent endometrial hyperplasia. [42] [43] [44] Two studies could not be retrieved; one was published in 1979 and did not mention endometrial data in the abstract, 45 and the other was published in 1963 and did not have an abstract available. 46 
Randomized controlled trials
Endometrial histology was reported in 20 RCTs (Table 1,  Supplemental Table 1 , Supplemental Digital Content 1, http:// links.lww.com/MENO/A400) of menopausal women who used various doses and durations of vaginal estrogen creams, tablets, inserts, or rings (multiple products were used in some studies). From a total of 2,983 unique women exposed to vaginal estrogen products for up to 1 year (66 women were exposed to multiple doses), 1 case of endometrial cancer (0.03%) and 12 cases of hyperplasia (0.4%; including a case of hyperplasia in an endometrial polyp) were detected.
Conjugated equine estrogen creams
Vaginal conjugated equine estrogens (CEEs) cream or synthetic conjugated estrogens-A cream were evaluated in 1,064 women from eight RCTs, with doses ranging from 0.3 to 1.25 mg and with durations of 2 to 52 weeks. [4] [5] [6] [7] [8] [9] [10] [11] CEEs cream at 2 g (equivalent to 1.25 mg of CEE) were evaluated in a 24-week study in which women (n ¼ 79) applied the vaginal cream daily for 21 days, and withheld treatment for 7 days. 4 Of the 28 women with biopsies of sufficient tissue at 24 weeks, there were two cases (2/28; 7.1%) of endometrial hyperplasia: one (3.6%) woman had simple hyperplasia without atypia and one (3.6%) woman had complex hyperplasia without atypia; there were no endometrial cancers.
In other studies, no cases of endometrial hyperplasia or cancer were reported with daily 1.25 mg CEE cream for 3 weeks (n ¼ 7), 6 1.25 mg CEE cream three times per week for 12 weeks (n ¼ 67), 7 or 0.625 mg CEE cream daily for 2 weeks then twice weekly for 10 weeks (n ¼ 26). 8 In a 12-week study of synthetic conjugated estrogens-A 1.25 mg (n ¼ 161) or 0.625 mg (n ¼ 150) versus placebo, no cases of endometrial hyperplasia or cancer were reported. 9 Two studies used 0.625 mg CEE cream in women before hysterectomy. In one study, women received the CEE cream daily for 2 weeks before hysterectomy (n ¼ 150); two cases of simple hyperplasia (2/150; 1.3%) were identified. 11 In a similar trial of 4 to 8 weeks duration of 0.625 mg CEE inserted vaginally (n ¼ 8) for 2 weeks and then twice weekly before hysterectomy for vaginal wall prolapse, no cases of endometrial hyperplasia or cancer were reported.
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A 12-month RCT (n ¼ 423) also evaluated a lower dose of 0.3 mg CEE cream administered twice weekly or once daily for 21 days and off for 7 days. 5 No cases of endometrial hyperplasia or cancer were observed in the study. 5 
Estradiol tablets
Vaginal estradiol tablets, with doses ranging from 10 to 50 mg, were evaluated in 10 studies in 721 unique women with durations ranging from 3 weeks to 2 years. 4, 8, [12] [13] [14] [15] [16] [17] [18] [19] Of these, Vaginal ring with progestin included studies of vaginal rings resulting in systemic levels of estrogen to treat vasomotor symptoms so that a progestin had to be given. Meeting abstracts with a full publication, with no endometrial data, or not relevant. e Does not include estriol studies; comparative studies with estriol were included, but only data for other vaginal estrogens were summarized. 
CONSTANTINE ET AL
ENDOMETRIAL SAFETY WITH VAGINAL ESTROGENS
66 women were exposed to multiple doses as part of crossover study designs in two RCTs. Eight RCTs evaluated vaginal estradiol tablets at 25 mg 4, 8, [12] [13] [14] [15] [16] [17] ; one trial also included an estradiol vaginal tablet of 50 mg evaluated in 20 women.
14 Out of a total of 490 women exposed to 25 mg for 3 to 52 weeks, there were three reports of endometrial hyperplasia, two cases after 3 weeks of treatment, and one after 12 weeks. 12, 13 There were no reports of endometrial hyperplasia or endometrial cancer in women exposed to 50 mg.
14 One report of simple hyperplasia without atypia (1/32; 3.1%) was observed in a woman treated with a 25-mg vaginal estradiol tablet after 12 weeks of therapy; no other endometrial hyperplasia or malignancy was found at week 52. 12 In a study of women who used a 25-mg vaginal estradiol tablet for 3 weeks before genital prolapse surgery without baseline biopsies, 2 of 22 (9.1%) women had ''simple hyperplastic endometrium without epithelial atypia,'' with normal atrophic endometrium observed 1 month later in both women. 13 Studies with lower doses of vaginal estradiol were also reported. Two RCTs evaluated a vaginal 10-mg estradiol tablet in a total of 297 women for 12 to 52 weeks. 12, 18, 19 The first study was of 12 weeks duration and no endometrial hyperplasia or cancer was observed for the vaginal estradiol tablet (10 mg; n ¼ 92). 12 The second study was a 52-week RCT (n ¼ 205), which identified one case of endometrial cancer after 324 days of drug use and one case of complex endometrial hyperplasia without atypia after 9 days of drug use. 18, 19 Data from the 52-week RCT 19 were pooled with the data from a separate, open-label, 52-week study 30 (described below in the section on the prospective, interventional studies) to evaluate the incidence rate of endometrial hyperplasia and carcinoma. 18 The combined incidence of endometrial cancer and hyperplasia in 541 women who used the 10-mg vaginal tablet was 0.52% (95% confidence interval [CI], 0.06%-1.86%). 18 
Estradiol softgel inserts
A 12-week, RCT evaluated 4, 10, and 25 mg of solubilized estradiol in softgel capsule. Of the 572 women treated, no cases of endometrial hyperplasia or cancer were observed for any of the doses. 20 
Estradiol rings
Vaginal estrogen rings, with doses ranging from 7.5 to 400 mg/day, were evaluated in a total of 626 women in 6 studies with durations ranging from 12 to 48 weeks. 7, 16, [21] [22] [23] [24] In a 6-month cross-over study of an estradiol vaginal ring (7.5 mg/day for 3 months) and vaginal estriol cream (0.5 mg), endometrial hyperplasia with atypia was found in one woman (1/82; 1.2%) who used the ring in the cream-ring sequence of the crossover and two women in the estriol cream group (2/82; 2.4%). 21 Nachtigall 7 also reported one woman (1/129) who had an endometrial polyp with hyperplasia after 12 weeks of using a vaginal estradiol ring releasing 7.5 mg/day.
Prospective interventional studies
Eight prospective interventional studies (Table 1 and Supplemental Table 2 , Supplemental Digital Content 2, http:// links.lww.com/MENO/A401) reported endometrial histology in 761 menopausal women who used vaginal estrogen creams (n ¼ 3) or tablets/ovules (n ¼ 5). Three studies evaluated vaginal CEE (0.3-0.625 mg per day) or estradiol (10 mg/g) cream in 32 women ranging in duration from 12 weeks to 24 months. [25] [26] [27] An estradiol ovule (50 mg/day) was evaluated in nine women for 3 weeks; a 25-mg estradiol tablet in 384 women with durations ranging from 12 to 24 weeks; and a 10-mg estradiol tablet in 336 women for 52 weeks. [28] [29] [30] [31] [32] No cases of endometrial cancer were reported in any of the prospective, interventional studies. Two cases (2/266; 0.75%) of simple glandular hyperplasia and one case (1/266; 0.38%) of cystic hyperplasia were reported following treatment with 25-mg estradiol tablets used for 6 months, although biopsies were not taken before the start of estrogen treatment.
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A 52-week, open-label study of the 10-mg estradiol tablet (n ¼ 336) reported an estimated incidence of endometrial hyperplasia of 0 (95% CI, 0-0.011). 30 For one woman, one pathologist scored the biopsy as a polyp of hyperplastic type while two other pathologists scored it as complex hyperplasia without atypia; a hysteroscopy performed after trial completion revealed a benign fibrous polyp with no sign of hyperplasia. 30 In the prescribing information for the 10-mg estradiol tablet, this hyperplastic polyp was reported as a case of complex hyperplasia without atypia (1/297; 0.34%). 47 
Prospective observational studies
Two prospective observational studies reported endometrial histology or cancer in menopausal women who used vaginal estrogen products (Table 1 and Supplemental Table 3 , Supplemental Digital Content 3, http://links.lww.com/ MENO/A408). 33, 34, 48 The first study was a cohort study (n ¼ 45,663 analyzed women; n ¼ 3,003 women with an intact uterus who took vaginal estrogens) with a 2-year median duration of estrogen use, as part of the Women's Health Initiative (WHI)-Observational Study (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) and Extension Study (2005) (2006) (2007) (2008) (2009) (2010) . 33 Although the study did not specify the type of vaginal estrogen used, products available before 2010 in the United States were estradiol tablets containing 25-mg estradiol 49 and creams dispensed with 0.3 to 1.25 mg CEE. 50 In the WHI-Observational Study, 11 cases of endometrial cancer were identified in 3,003 vaginal estrogen users versus 222 cases in 29,430 nonusers (2-year median duration), resulting in an incidence of 1.3/ 1,000 women-years for vaginal estrogen users and 1.0/1,000 women-years for nonusers. 33 Based on these data, risk of endometrial cancer did not statistically significantly increase with use of vaginal estrogens relative to nonusers (hazard ratio [HR] 1.47; 95% CI, 0.75-2.90). 33 The second study was an analysis of prospective data collected at a single site from 1976 to 1977 and retrospective data from 1975 for a total of 8,170 women-years including 574 women-years of women who used vaginal estrogen CONSTANTINE ET AL cream. 34 The incidence rate of endometrial cancer in vaginal estrogen cream users was numerically lower (1.7 per 1,000 women-years) than in nonusers (2 per 1,000 women-years) and in oral estrogen users (3.8 per 1,000 women-years). 34 
Retrospective observational studies
Eight studies reported the incidence of endometrial cancer and/or hyperplasia in retrospective, observational/registry studies of $1.5 million menopausal women who used vaginal estrogens from 1 to 29 years (Table 1 and Supplemental  Table 4 , Supplemental Digital Content 4, http://links. lww.com/MENO/A403). Two studies were from large registries or databases, 35, 36 one a case-control study from a large database, 37 and five were smaller case-control studies. [38] [39] [40] [41] In two of the studies, vaginal estrogen was specified as cream, 40 and in another as cream, tablets, or ring, 37 whereas in the other five studies, 35, 36, 38, 39, 41 type of vaginal estrogen was not specified.
One Danish study 35 and an older, smaller, case-control US study (n ¼ 167 cases and 903 controls) 39 39 The six other retrospective observational studies did not find an increased risk of endometrial hyperplasia or cancer with vaginal estrogen use compared with no use, as shown by incidence and ORs (Supplemental Table 4 , Supplemental Digital Content 4, http://links.lww.com/MENO/A403). Incidence of endometrial hyperplasia and cancer for vaginal estrogen use versus nonuse was 9.96 to 10.25 versus 9.96/ 10,000 women-years in the large Kaiser Permanente Northern California membership database cohort study, 36 1.3% versus 1.2% in the North Carolina Medicaid cohort study, 37 and 7% to 9% versus 8% to 10% in two case-control studies from Yale-New Haven Hospital. 40 ORs for risk of endometrial cancer showed no statistically significant increase with vaginal estrogen use versus nonuse in studies of the United States 37, 40, 41 and Sweden 38 (Supplemental Table 4 , Supplemental Digital Content 4, http://links.lww.com/MENO/ A403).
DISCUSSION
Clinical evidence from this systematic review does not support an increased risk of endometrial hyperplasia or endometrial cancer with low-dose unopposed vaginal estrogen use. Sporadic reports of endometrial hyperplasia were not associated with a specific dose or duration, with the exception of the highest CEE dose of 1.25 mg used 21 days on/7 days off which appears to be associated with an increased risk of endometrial hyperplasia (2 cases in 28 women). 4 The well-established dose effect of endometrial hyperplasia seen with higher doses of oral estrogen products 51, 52 was not observed with lower doses of vaginal estradiol. Although older studies, which typically evaluated higher vaginal estrogen doses, were not powered to detect endometrial cancer because of small sample size and short duration, they were powered to detect endometrial hyperplasia, a signal that was not detected with low-dose vaginal estrogen products. Overall, the sporadic reports of endometrial hyperplasia observed ($0.4% in RCTs) appear to be consistent with background rates of endometrial hyperplasia in the general population. 53 Of the 38 studies reviewed, only two retrospective observational studies showed an increased risk of endometrial cancer with vaginal estrogens use compared with nonuse. The first was a study reporting data from 1977 to 1979 from a single center in the United States, which observed an increase in endometrial cancer (OR, 2.30; 95% CI, 1.1-4.6). 39 This increase may be due to higher-dose vaginal products used in the 1970s compared with lower-dose products currently available. The second larger study from Denmark also found an association between vaginal estrogen use and increased endometrial cancer risk (risk ratio, 1.96; 95% CI 1.77-2.17). 35 The findings of the Danish study may, however, be of limited applicability to the United States, as the study had a low background rate of endometrial cancer, longer duration of different rates of vaginal estrogen use, and evaluated different vaginal estrogen products (including estriol and dienestrol) with more frequent use and higher dosing regimens. 35 The study also reports an association between vaginal estrogen use and type II (ie, nonestrogen-dependent) endometrial cancer, which suggests ascertainment bias in users of vaginal estrogen products versus nonusers. Prior systemic estrogen use in this study may also be a confounding factor as women with a history of systemic estrogen use were included if duration of vaginal estrogen use exceeded duration of systemic estrogen use. 35 The most recent US data were from the WHI Observational Study, which examined real-world use of higher-dose vaginal estrogen products with systemic absorption and reported no increased risk of endometrial cancer with vaginal estrogen use (HR, 1.47; 95% CI, 0.75-2.90). 33 Women with previous systemic exposure were excluded from this analysis, 33 in contrast to the Danish observational study. 35 Since the literature search for this review, an analysis of the large Nurses' Health Study cohort was published and found results similar to those of the WHI Observational Study. 54 No increased risk of endometrial cancer was found in women who used vaginal estrogens versus women who did not use them (HR, 1.62; 95% CI, 0.88-2.97). 54 Vaginal prasterone (DHEA) is postulated to be converted intracellularly into estrogens and/or androgens depending on the expression of appropriate steroid-forming and steroidinactivating enzymes. 55, 56 Estradiol levels are, however, reported to increase with DHEA use in postmenopausal ENDOMETRIAL SAFETY WITH VAGINAL ESTROGENS women. 57 Thus, we examined the endometrial histology with prasterone separately. No cases of endometrial hyperplasia or endometrial cancer were observed after exposure to prasterone either daily or twice a week for up to 12 weeks or a year (Supplemental Table 5 , Supplemental Digital Content 5, http://links.lww.com/MENO/A409). 55, [58] [59] [60] [61] Limitations of this systematic review include the limited number of studies systematically evaluating endometrial hyperplasia and cancer with the use of vaginal estrogens. The RCTs and prospective interventional trials were of short duration and of limited sample size, possibly leading to unpowered studies given the relatively infrequent incidence of endometrial hyperplasia and cancer. Although the observational trials have a greater number of samples and longer follow-up duration, they lack randomization and have potential confounding factors, possibly skewing the results. Despite these limitations, the collective reports of endometrial hyperplasia and endometrial cancer in the large number of women studied who used vaginal estrogens does not support an increased risk of these endometrial pathologies.
Estrogen dose and duration of use can influence the risk of endometrial cancer in systemic estrogen users. [62] [63] [64] For vaginal products, placement of the estrogen within the vagina (lower vs upper part) may also affect the amount of estrogen reaching the endometrium, and thus, possibly impact endometrial hyperplasia or cancer risk, given the significant anatomic differences of the vascular and lymphatic supplies to the lower and upper vagina. Studies by Cicinelli et al 65, 66 found that placement of estrogen products in the upper third of the vagina had preferential distribution of estrogen to the uterus, also known as the ''first uterine pass effect,'' which was mediated by the close proximity of veins and arteries. Whereas when estrogen products are placed in the lower third of the vagina, the transfer of estrogen to the uterus is minimal, which may limit the risk of hyperplasia. 65 Therefore, products administered to the lower part of the vagina may have less of an effect on the endometrium than products administered to the upper part of the vagina. 65 
CONCLUSIONS
The evidence assessed as part of this systematic literature review does not support an increased risk of endometrial hyperplasia or endometrial cancer with vaginal estrogens. Longer-term data may help confirm the endometrial safety profile of vaginal estrogens found in this systematic review.
